Clinical stage I testicular nonseminomatous germ cell tumours (NSGCTs) are highly curable. Following orchidectomy a risk-adapted approach using active surveillance (AS), nerve-sparing retroperitoneal lymph node dissection (nsRPLND) and primary chemotherapy is recommended by the current guidelines. Clinical stage I is defined as negative or declining tumour markers to their half-life following orchidectomy and negative imaging studies of the chest, abdomen and retroperitoneum. Active surveillance can be performed in low-risk and in high-risk NSGCTs with an anticipated relapse rate of about 15% and 50%. The majority of patients will relapse with good and intermediate prognosis tumours which have to be treated with three to four cycles chemotherapy. About 25-30% of these patients will have to undergo postchemotherapy retroperitoneal lymph node dissection (PC-RPLND) for residual masses. Primary chemotherapy with one or two cycles of cisplatin (Platinol), etoposide and bleomycin (PEB) is a therapeutic option for high-risk clinical stage I NSGCT associated with a recurrence rate of only 2-3% and a minimal acute and long-term toxicity rate. nsRPLND, if performed properly, will cure about 85% of all high-risk patients with clinical stage I NSGCT without the need for chemotherapy. PC-RPLND forms an integral part of the multimodality treatment in patients with advanced testicular germ cell tumours (TGCTs). According to current guidelines and recommendations, PC-RPLND in advanced seminomas with residual tumours is only indicated if a positron emission tomography (PET) scan performed 6-8 weeks after chemotherapy is positive. In nonseminomatous TGCT, PC-RPLND is indicated for all residual radiographic lesions with negative or plateauing markers. Loss of antegrade ejaculation represents the most common long-term complication which can be prevented by a nerve-sparing or modified template resection. The relapse rate after PC-RPLND is around 12%, however it increases significantly to about 45% in cases with redo RPLND and late relapses. Patients with increasing markers should undergo salvage chemotherapy. Only select patients with elevated markers who are thought to be chemorefractory might undergo desperation PC-RPLND if all radiographically visible lesions are completely resectable. PC-RPLND requires a complex surgical approach and should be performed in experienced, tertiary referral centres only.
Introduction
Retroperitoneal lymph node dissection (RPLND) remains an integral part of the treat ment of patients with nonseminomatous germ cell tumours (NSGCTs) of the testis. Although its indication in clinical stage I NSGCT has been reduced significantly over the last decade, it is still quite frequently performed in the US as compared with Europe. In patients with residual lesions following systemic chemotherapy for advanced disease, postchemotherapy retro peritoneal lymph node dissection (PCRPLND) is one of the major components for curative treatment.
It is the aim of the current manuscript to critically review the current recommendations with regard to the role of RPLND in the management of clini cal stage I nonseminomas and residual tumours following systemic chemotherapy.
Clinical stage I NSGCTs
The majority of patients with NSGCTs present with stage I disease [Bhardwa et al. 2005 ]. The standard treatment options of patients with clini cal stage I disease remains controversial since patients have an excellent survival with RPLND, active surveillance or primary chemotherapy. The controversy remained over the last two decades since about 30% of all patients will harbour occult microscopic retroperitoneal lymph node metastases which cannot be reliably detected by modern imaging studies, tumour markers or molecular approaches. With RPLND the staging reliability is most accurate, however, about 70% are operated unnecessarily and 10% will develop systemic metastases with need for salvage chem otherapy. With primary chemotherapy approxi mately 50-70% of the patients are overtreated and might be exposed to unnecessary longterm complications. Active surveillance on the other hand is clearly indicated in lowrisk disease with a recurrence rate of only 15%. In patients with highrisk disease the relapse rate varies between 35% and 55% and makes intensive salvage chem otherapy necessary.
Definition of clinical stage I
Clinical stage I is defined by negative imaging studies of the chest, the abdomen and the small pelvis. Furthermore, in order to verify clinical stage I disease elevated markers should be fol lowed postorchidectomy until normalization. Patients without marker normalization or those in whom markers do not decline according to their halflife after orchidectomy do not have stage I disease.
Staging procedures
Recommendations concerning staging investiga tion are frequently based on lowlevel evidence rather than on the results of prospective phase III studies.
Computerized tomography (CT) of the chest, abdomen and pelvis are required as initial staging investigations with the mandatory application of oral and intravenous contrast media [Krug et al. 1999; Barentsz et al. 2006 ]. For the evaluation of the lung and mediastinum, chest CT scan is more sensitive than plain Xray films [White et al. 1999; Meyer and Conces, 2002] . However, it should be noted that pulmonary/pleural nodules of <1 cm can represent a falsepositive finding in CT scans [Meyer and Conces, 2002] . Furthermore, CT scans of the abdomen and pelvis might give false negative results in up to 30% of cases due to dif ficulties in the interpretation of lymph nodes based on morphology and size alone [Krug et al. 1999] . Therefore, the differentiation between clinical stages I and IIA might be unreliable. A detailed description of the location, number and size of lymph nodes should be provided in the radiology report. Magnetic resonance tomogra phy (MRT) scans of the abdomen and pelvis do not provide additional information and should be restricted to patients to whom intravenous con trast media cannot be given [Hogeboom et al. 1993] . Based on available data, positron emission tomography (PET) has not been conclusively demonstrated to improve sensitivity over staging by doing CT scanning alone [de Wit et al. 2008; Huddart et al. 2007] . Not even in highrisk stage I patients was PET sensitive enough to pre dict early metastatic disease in a statistically sig nificant proportion of patients. In the prospective trial TE22 of the MRC, 111 highrisk clinical stage I NSGCT underwent 18 Ffluorodeoxyglucose (FDG) PET/CT within 8 weeks after orchidec tomy of whom 88 (79%) and 23 (21%) were PETnegative and PETpositive, respectively [Huddart et al. 2007] . A total of 87 PETnegative patients proceeded to active surveillance and within a median follow up of 12 months, 33 (37.9%) relapsed. Since the relapse rate among PETnegative patients is fairly high, it can be con cluded that 18 FFDG PET/CT scanning is not sensitive enough to identify patients at low risk of relapse among clinical stage I NSGCT. PET scans are not recommended outside clinical trials as part of routine initial staging procedures.
Prognostic risk factors
Infiltration of venous blood vessels or lymphatic infiltration (vascular invasion [VI]) by the pri mary tumour are the most important prognostic indicators for occult metastases and must be assessed in all patients [Pont et al. 1990; Read et al. 1992; Heidenreich et al. 1998b; Albers et al. 2003b; Perrotti et al. 2004] . Without adjuvant treatment 48% of the patients with VI will develop metastases while only 14-22% of those without will relapse (EBM IIB: 67). Based on these data, VI alone does not represent a valuable prognostic risk factor for a risk adapted approach since it will result in an unnecessary overtreatment rate of about 50%. The proliferation rate as well as the percentage of embryonal carcinoma (ECA) in relation to the total tumour volume are further prognostic indicators [Heidenreich et al. 1998b; Albers et al. 2003b ]. The combination of absence of VI and a percentage of ECA <45% correctly identified 91.5% of all patients with true patho logical stage I disease [Heidenreich et al. 1998b ]. On the other hand, the presence of VI and a per centage of ECA >80% correctly predicted patho logical stage IIA/B disease in 88% of the patients. Based on these data, the German Testicular Cancer Study Group performed a prospective study in which 200 patients with clinical stage I NSGCT were assigned to RPLND and risk fac tors were assessed prospectively [Albers et al. 2003b ]. The combination of absence of VI, per centage of ECA <50% and a MIB1 proliferating index <20% correctly identified pathological stage II disease with an 86.5% accuracy. If none of the prognostic risk factors were present, the risk of occult retroperitoneal disease was 16% and patients were classified as low risk. The risk of lymph node metastases was 65% if at least VI and percentage ECA >50% were present and the patients were classified as high risk. In another small prospective evaluation, Perotti and col leagues tested a prediction model in which patients with a percentage of ECA >80% and/or the presence of VI were assigned to a high risk of occult metastatic disease [Perotti et al. 2004 ]. The authors correctly predicted final pathological stage II disease in 67% when only one prognostic factor was present.
The combination of imaging studies, pathohisto logical evaluation and immunhistochemical stain ing might improve the prediction of the final pathological stage of the disease. Localization and size of lymph nodes in conjunction with a low vol ume of ECA, absence of vascular invasion and a low MIB1 proliferation rate might give important information with regards to the probability of lymph node metastases. In a retrospective analysis of 91 clinical stage 1 NSGCT who underwent nervesparing RPLND (nsRPLND), 40 out of 41 patients were correctly classified as lowrisk tumours for metastases [Leibovitch et al. 1995a ]. Patients with lymph nodes <1 cm in diam eter which are located in the primary landing zone, a low volume of ECA harbours a risk of <10% of occult retroperitoneal lymph node metastases and might be best managed by active surveillance.
Treatment of patients with nonseminoma clinical stage I
If treatment is performed correctly, the cure rate of patients with clinical stage I NSGCT should be 99% regardless of the management chosen. Basically, three treatment options with the same high cure rate but significant differences in frequency and type of treatmentassociated tox icities might be offered to the patient: active sur veillance, primary chemotherapy with one or two cycles of cisplatin (Platinol), etoposide and bleo mycin (PEB) and nsRPLND. When choosing a riskadapted approach in clinical stage I NSGCT one has to reflect that all of the patients will be longterm survivors so that longterm side effects of treatment should be minimal or nonexistent. Therefore, it is the aim of ongoing research to minimize treatment and toxicities without com prising therapeutic efficacy. According to the most recommendations of the European Germ Cell Cancer Consensus Group Conference (EGCCCG) lowrisk patients should be primar ily offered active surveillance [Krege et al. 2008] , whereas systemic chemotherapy with two cycles of PEB represents the treatment of choice for highrisk patients. Currently, a prospective, rand omized phase III trial is ongoing comparing the oncological efficacy and the treatmentassociated side effects of two cycles of PEB versus one cycle of PEB in clinical stage I highrisk NSGCT. Reflecting the published new data, both thera peutic approaches might be challenged.
Retroperitoneal lymph node dissection
According to the EGCCCG and the European Association of Urology (EAU) guidelines, active surveillance and primary chemotherapy with two cycles of PEB represent the treatment options of choice in patients with lowrisk and highrisk NSGCT, respectively [Krege et al. 2008; Albers et al. 2005] . In patients unwilling to undergo a sur veillance strategy or adjuvant chemotherapy, nsR PLND may be performed. Owing to focus of the review article, we only concentrate on the issue of primary RPLND and discuss the pros and cons of the two conservative treatment options.
Primary RPLND is still widely practiced in the United States for highrisk patients although less so in Canada and Europe [Yoon et al. 2005] . RPLND provides accurate staging information regarding retroperitoneal lymph node status. With proper selection of patients for RPLND, twothirds have lowburden pathologic stage (pS) II disease, and almost 90% will be cured by surgery only [Debono et al. 1997; Stephenson et al. 2005] . The rationale for primary nsRPLND for patients with clinical stage I NSGCT is based on the evidence that it represents the primary metastatic site in more than 80% of patients and that it is also the most frequently involved site of chemoresistant mature teratoma which holds the potential of malignant transformation and late relapse if left unresected [Jewett et al. 1988; Donohue et al. 1993; Baniel et al. 1995] . Virtually all patients who relapse after primary RPLND are chemotherapy naïve and eventually cured by usually three cycles of cisplatinbased chemotherapy. Only a minority of clinical stage I NSGCT harbours occult sys temic metastatic disease and might be better man aged by inductive systemic chemotherapy. RPLND simplifies follow up and makes it more liberal. Subsequent retroperitoneal relapse is rare, and abdominal imaging can be restricted to one baseline CT a few months after surgery. With the introduction of the nervespearing technique along with various modified templates, antegrade ejaculation rates of 90-100% have been reported, with significantly reduced morbidity and virtually unknown mortality [Donohue et al. 1990 [Donohue et al. , 1993 Nicolai et al. 2010 ]. However, opponents of nsR PLND argue that up to 75% of patients with clini cal stage I NSGCT managed by primary RPLND will undergo unnecessary treatment. However, this only holds true if a nonriskadapted strategy is chosen in every single clinical stage I patient.
Recently, patients selection factors on outcome after primary RPLND have been reported and the application of these parameters might allow a risk adapted indication RPLND [Heidenreich et al. 2003 ]. The authors analysed a cohort of 453 patients with clinical stage I to IIB NSGCT who underwent RPLND between 1989 and 2002. Of those, 308 (68%) and 122 (27%) presented with clinical stage I and clinical stage IIA disease, respectively. Interestingly the frequency of clinical stage I patients increased significantly over time from 65% to 76% (p = 0.03) in the years 1989 to 1998 and 1999 to 2002, respectively, which might be the result of improved imaging studies. Whereas the frequency of mature teratoma remained fairly constant in the two time periods (22% versus 21%) the number of patients with low volume disease (pN1) increased significantly from 40% to 64% (p = 0.01) so that adjuvant chemo therapy could be spared in more patients. A total of 217 (70%) patients of the 308 clinical stage I NSGCTs demonstrated true pathological stage I disease after RPLND. The 4year progressionfree probability in this cohort was 97%; the risk of sys temic progression decreased from 14% before 1999 to 1.3% after 1999 suggesting an improved risk stratification for systemic disease based on the selection criteria developed after critical analysis of the first patient cohort being treated between 1989 and 1999. For clinical stage I NSGCT ele vated postorchiectomy tumour markers appear to be associated with a significantly increased risk of progression which was as high as 72%. The ques tion, however, remains if patients with ECA pre dominance and/or lymphovascular invasion should undergo RPLND or primary chemother apy due to an anticipated high risk of systemic relapse following locoregional surgical treatment.
Stephenson and colleagues analysed the outcome of 267 patients with clinical stage I and clinical stage IIA NSGCTs with one or two of the afore mentioned risk factors who underwent nsRPLND [Stephenson et al. 2005] . ECA and VI were pre sent in 31% of the patients and ECA without VI was identified in 10% whereas 58% demonstrated VI without ECA. A total of 129 (66%) patients with clinical stage I and 26 (37%) with clinical stage IIA had pathological stage I disease. A total of 112 patients demonstrated lymph node metas tases and 60 (54%) and 52 (46%) demonstrated pN1 and pN2 disease, respectively. The presence of both risk factors was associate with a signifi cantly higher risk of retroperitoneal metastases (54% versus 37%, p = 0.009), however the risk to harbour pN2 disease was not significantly increased. Patients with pathological stage I were followed actively and did not receive adjuvant chemotherapy whereas 22% and 83% of patients with pN1 and pN2 disease received adjuvant cyto toxic treatment with two cycles, respectively. All patients remained disease free during the com plete followup period. A total of 16% of pS II patients had teratoma in the retroperitoneum which would not have been eliminated by primary chemotherapy. A total of 211 patients did not receive adjuvant chemotherapy and 26 (12.3%) patients experienced relapse with four recurrences developing in the retroperitoneum due to a modi fied template resection. The 5year progression free survival probability including a full bilateral template would be 90%. All relapsing patients could be salvage by four cycles of etoposide and cisplatin (EP) chemotherapy. Summarizing the data of the total cohort of 267 patients, 80 (29.9%) clinical stage I/IIA highrisk patients received either adjuvant or salvage chemotherapy. If only highrisk clinical stage I NSGCTs are considered, an estimated 89% would have been free of pro gression 5 years after chemotherapy.
In a similar approach, Nicolai and colleagues reviewed their experience of primary RPLND with no adjuvant chemotherapy in a cohort of 322 consecutive clinical stage I NSGCTs who were followed for a median time of 17 years [Nicolai et al. 2010] . A total of 262 (81.4%) patients were staged as pS I whereas 41 (12.7%) and 19 (5.9%) patients demonstrated pS IIA and IIB, respectively; 50 patients (15.5%) devel oped a recurrence with 96% occurring in the first 2 years of follow up. The majority of relapses (n = 44) were located outside the retroperitoneum, whereas six and four relapses developed in the retroperitoneum and in the contralateral testis. The four testicular relapses have to be considered as de novo tumours resulting from preexisting testicular intraepithelial neoplasia and should be counted as true recurrences. A total of 271 (84.1%) patients of the total cohort did not expe rience relapsing disease including 68.3% of the patients with pS IIA/B. Based on multivariate analysis, the presence of VI, percentage of ECA >50%, presence of lymph node metastases increased the probability of relapses by a factor of 2.7, 3.5 and 2.9, respectively.
Rassweiler and colleagues assessed the role of lapa roscopic RPLND in the management of clinical stage I NSGCTs reviewing the literature compris ing a total of more than 800 patients [Rassweiler et al. 2008] . Whereas no significant differences with regard to complications could be observed when compared with open RPLND, it became evident that more than 90% of patients with positive lymph nodes underwent adjuvant chemotherapy making laparoscopic RPLND to a mere staging surgery. However, the laparoscopic approach is feasible is highly specialized centres, the curative potential of this approach still has to be evaluated.
Although rare with an incidence of only 2-5%, clinical stage I mature teratoma of the testis har bour a risk of about 16% [Leibovitch et al. 1995b; Heidenreich et al. 1997 ] for retroperitoneal lymph node metastases. The majority of these patients will demonstrate teratomatous elements in the retroperitoneal lymph node metastases, so that nsRPLND represents the treatment of choice.
When discussing nsRPLND as primary treat ment option in patients with clinical stage I NSGCT, potential surgeryrelated complications have to be considered. Quite recently, the German Testicular Cancer Study Group evaluated the outcome of 239 clinical stage I NSGCTs who underwent nsRPLND [Heidenreich et al. 2003 ]. Minor complications and major complications were observed in 14.2% and in 5.4%, respectively. Antegrade ejaculation could be preserved in 93.3% of the patients and the frequency of ejacu lation correlated significantly with the experience of the single surgeon. A total of 14 (0.8%) patients developed relapses with the majority (n = 11) being located in the extraperitoneal areas.
In summary, nsRPLND seems to cure about 85-90% of patients with highrisk clinical stage I NSGCT (Table 1) . Whereas 67% of lowrisk NSGCTs are overtreated due to true pS I in 70% of the patients and a low systemic recurrence rate of 3%, highrisk patients might benefit from surgery.
Postchemotherapy RPLND
Surgical resection of postchemotherapy residual retroperitoneal lymph nodes or residual visceral metastatic deposits represents an integral part of the multimodality treatment for patients with advanced testicular cancer undergoing systemic chemotherapy [Krege et al. 2008; Albers et al. 2005 ]. The rationale for PCRPLND is to remove persistent retroperitoneal lymph nodes that may contain mature teratoma in approximately 30-40% and vital cancer in about 10-20% of the patients [Krege et al. 2008; Albers et al. 2004 Albers et al. , 2005 Beck and Foster, 2006; Oldenburg et al. 2003 ].
In NSGCTs, PCRPLND is currently indicated in men with normalized or plateauing serum tumour markers and residual disease [Krege et al. 2008; Albers et al. 2005 ]. In patients with residual lesions <1 cm, there is an increased risk of residual teratoma, if teratoma was present in the initial his tology so that these patients are further candidates for PCRPLND [Albers et al. 2004b ]. The ration ale to resect even small residual masses with mature teratomas lies in their disposition for pro gressive local growth, their risk of malignant trans formation and their risk of late relapse. Residual masses with viable germ cell tumour elements reflect chemoresistance and these lesions will defi nitely progress when left in situ despite secondline or salvage chemotherapy [Oldenburg et al. 2003 ].
Patients with normalized serum tumour markers and complete resolution of all metastatic disease do not need to undergo PCRPLND since only 3-5% of these men will relapse when undergoing active surveillance [Gerl et al. 1997 ]. In men with residual disease after primary chemotherapy for advanced seminomas PCRPLND is only indi cated if the residual mass is >3 cm in diameter and demonstrates positive findings in the FDG PET scan. In all other cases the masses should not nec essarily be resected, but should be closely followed by imaging investigations and tumour marker determinations [Krege et al. 2008] .
Although PCRPLND is a routine surgical inter vention in experienced centres its treatmentasso ciated complications might be substantial, since PCRPLND will require additional surgical pro cedures of adjacent organs in about 25% of the cases [Krege et al. 2008 ].
PC-RPLND in advanced seminomas
Following primary cisplatinbased chemotherapy, viable cancer can be demonstrated in about 12-30% of men with residual masses >3 cm and in less than 10% in those with residual masses <3 cm in diameter (Table 2) . Following guideline adapted cytotoxic protocols, however, the inci dence of viable cancer in residual seminomatous masses has decreased to 20% irrespective of their size [Flechon et al. 1979; Friedman et al. 1985; Schultz et al. 1989; Fosså et al. 1987; Ravi et al. 1994; Puc et al. 1996; Mosharafa et al. 2003 ]. Adhering to the former recommendation to resect all residual masses >3 cm diameter would result in an overtreatment rate of 80% without any therapeutic benefit for the patient reducing PCRPLND to a mere invasive staging proce dure. Furthermore, surgical resection residual seminomatous elements is technically challenging due to the severe desmoplastic reaction between the regressing mass and the adjacent vascular and visceral structures. As has been shown in retro spective studies, PCRPLND in seminomas results in a higher frequency of additional intra operative procedures and an increased rate of postoperative complications [Mosharafa et al. 2003 ]. Additional nephrectomy and vascular pro cedures such as partial or complete resection of the vena cava and placement of aortic prosthesis are necessary in up to 38% of the patients as com pared with only about 25% of men undergoing PCRPLND for advanced NSGCTs. In order to better select patients who might ben efit from PCRPLND, the role of FDG PET to predict the presence of viable tumour in residual masses of advanced seminomas was prospectively evaluated. After initial positive results [De Santis et al. 2004] , studies were expanded to 54 patients with 74 documented residual masses on CT rang ing from 1 to 11 cm [Becherer et al. 2005 ]. After PET scanning the patients either underwent surgery or were followed clinically; any growing lesion was assumed to be malignant whereas regressing lesions or residual masses remaining stable for ≥24 months were considered to contain nonviable elements only. The sensitivity and spec ificity to detect viability with FDG PET was 80% and 100%, respectively; there was no falseposi tive scan and there were three falsenegative PET scans. In accordance with the current recommen dation of the EGCCCG, postchemotherapy as well as postradiotherapy residual masses in semi noma patients should not necessarily be resected, irrespective of their size, but should be closely followed by imaging investigations and tumour marker determinations [Krege et al. 2008; Flechon et al. 1979; Friedman et al. 1985; Schultz et al. 1989; Fosså et al. 1987; Ravi et al. 1994; Puc et al. 1996; Mosharafa et al. 2003; De Santis et al. 2004; Becherer et al. 2005; Albers et al. 2004b; Kamat et al. 1992; Hofmockel et al. 1996; Herr et al. 1997 ]. In patients with residual lesions <3 cm in size, the use of FDG PET scanning is optional. No resection or any other treatment modality besides further active surveillance is necessary in patients with a negative PET scan, while a positive PET scan, if performed more than 4-6 weeks after day 21 of the last chemo/ radiotherapy, is a strong and reliable predictor of viable tumour tissue in patients with residual lesions. In FDG PET positive patient histology should be obtained by biopsy or resection. Further treatment should be based on the results of histol ogy and may include observation, surgery, radia tion or further chemotherapy. In patients with progressive disease after firstline chemotherapy, histology should be obtained and salvage chemo therapy given after confirmation of seminoma [Krege et al. 2008; Albers et al. 2005 ].
PC-RPLND in advanced NSGCTs
In patients who achieve complete remission, i.e. normalized tumour markers and no residual lesions after chemotherapy, postchemotherapy surgery is not required [Krege et al. 2008; Albers et al. 2005; Fossa et al. 1989; Toner et al. 1990 ]. In patients with any residual mass irrespective of size and normalization of tumour markers the residual masses should be resected [Fossa et al. 1989; Toner et al. 1990; Aprikian et al. 1994; Herr et al. 1997 ]. Histology of residual masses after firstline chemotherapy will be necrosis, mature teratoma and vital cancer in about 50%, 35% and 15% of patients, respectively.
In patients with residual lesions <1 cm, PCRPLND also should be strongly considered since it has been shown in various retrospective singlecentre analyses that up to 20% and 8% of the patients will harbour mature teratoma and vital cancer despite the small sized lesions [Toner et al. 1990 ]. There is even an increased risk of residual teratoma, if teratoma was present in the initial histology. If technically feasible, all residual masses should be resected. In persistent retrop eritoneal disease, retroperitoneal surgery should include all areas of initial metastatic sites. However, this approach has been challenged by recent retrospective studies from three groups [Kollmannsberger et al. 2010; Ehrlich et al. 2010; Pfister et al. 2011 ]. Kollmannsberger and Friedman et al. [1985] 15 ≥ 3 cm/< 3 cm 11/4 3/0 0 Schultz et al. [1989] 21 ≥ 3 cm/< 3 cm 9/12 1/2 0 Fosså et al. [1987] 16 ≥ 3 cm/< 3 cm 10/6 3/1 0 Ravi et al. [1994] 43 ≥ 3 cm/< 3 cm 25/18 15/4 3/0 Puc et al. [1996] 104 ≥ 3 cm/< 3 cm 30/74 27/28 6/0 Flechon et al. [1979] 60 . A total of 9.4% and 21.8% of the men with residual lesions smaller than 1 cm harboured vital cancer and mature teratoma in the resected specimens, respectively. These numbers increased to 21% and 25% in patients with residual lesions of 1-1.5 cm and to 36% and 42% in men with lesions larger than 1.5 cm. The IGCCCG risk profile was not identified as an independent risk to predict the final pathohistology of small resid ual lesions. The GTCSG drew the conclusion that all patients with any visible residual masses should be resected in a tertiary referral centre.
Considerations for the most appropriate surgical strategy PCRPLND is a challenging surgical procedure which requires detailed knowledge of the retrop eritoneal anatomy, familiarity with surgical tech niques of the vascular and intestinal structures as well as profound experience in the management of patients with testicular cancer. Depending on the size and the extent of the residual lesions, the surgeon has to modify his surgical approach to the retroperitoneal space. An abdominal midline incision from the xyphoid to the symphysis can be used in most patients with unilateral and infrahi lar disease (Figure 1(a)-(c) ), whereas a Chevron incision might be more suitable in those men with bilateral and suprahilar disease. About 10% of the patients demonstrate persistent retrocrural dis ease so that a thoracoabdominal approach (Figure  2(a) and (b)) will be best to easily and safely explore this anatomical region [Albers et al. 2004a; Fujioka et al. 1993; Skinner et al. 1982] . In particu lar, the thoracoabdominal approach needs surgical expertise and knowledge of the retroperitoneal anatomy in order to prevent significant complica tions. Although the morbidity of PCRPLND exceeds that of primary nsRPLND, modifications of cytotoxic regimens, the surgical approach, and perioperative care have resulted in a decreased incidence of acute and longterm complications.
Owing to the high treatmentrelated acute morbid ity, however, surgery of residual masses should be performed at specialized centres only [Krege et al. 2008; Albers et al. 2005 ].
In patients with residual masses at multiples sites, an individual decision should be made regarding the number and extension of resections. Decisions on the extent of surgery should be based on the risk of relapse of an individual patient and on qualityoflife issues. Resection of residual tumours outside the abdomen or lung should also be considered on an individual basis, since dis cordant histology is found in 35-50% of patients [Hartmann et al. 1997 ]. Pulmonary or mediasti nal residual masses harbour necrosis/fibrosis only in 90% if the retroperitoneal masses did not con tain mature teratoma or viable cancer. Therefore, these lesions might be managed by surveillance and elective surgery at the time of progression. If, however, pulmonary or mediastinal nodules were found to contain necrosis/fibrosis at primary resection, about 45% of retroperitoneal residual masses will demonstrate a discordant histology so that PCRPLND is indicated.
Preoperative imaging studies
Prior to PCRPLND, a complete metastatic and physical evaluation including (1) CT of the chest, the abdomen and the small pelvis about 6-8 weeks after the last cycle of chemotherapy,
(2) measurement of the serum tumour markers and (3) pulmonary function testing in men with an increased risk of pulmonary toxicity (four cycles PEB, age >40 years, smoking history, renal insufficiency) should be performed prior to PCRPLND.
In particular, in patients with large residual masses, imaging studies should allow an adequate assessment of the large retroperitoneal vascular structures since involvement of the inferior vena cava (IVC) and the abdominal aorta can be expected in about 6-10% (Figure 3(a) -(c)) and 2%, respectively [Beck and Lalka, 1998; Beck et al. 2001; Christmas et al. 1998; Heidenreich et al. 1998a Heidenreich et al. , 2011 . Magnetic resonance imaging represents the most appropriate imaging tech nique to predict infiltrations of the vessel wall and the presence of an intracaval tumour thrombus. Infiltrations of the IVC wall or IVC thrombi should be completely resected since about two thirds of the patients harbour vital cancer or mature teratoma in the infiltrating masses. Usually intraoperative reconstruction or replacement of (a) Intraoperative situs of a patient with a right-sided retrocrural mass after a thoracoabdominal incision: the diaphragm has been incised, the right liver lobe has been completely mobilized via a Langenbeck's manoeuvre, the suprahilar and infrahilar aspect of the inferior vena cava is exposed. (b) The right-sided retrocrural mass is exposed and completely excised; histology revealed mature teratoma.
the IVC is not necessary since chronic venous sequalae are to be expected in less than 5% of all patients [Beck and Lalka, 1998; Heidenreich et al. 1998a Heidenreich et al. , 2011 .
The necessity for aortic replacement is rare and usually accompanied by large residual masses involving additional adjacent structures and mak ing additional surgical procedures necessary such as nephrectomy, IVC resection, small bowel resection and hepatic resection. In the majority of cases mature teratoma or vital carcinoma was identified in the aortic wall [Beck and Lalka, 1998; Beck et al. 2001; Christmas et al. 1998; Heidenreich et al. 1998a Heidenreich et al. , 2011 .
Timing of PC-RPLND
Once residual masses have been diagnosed PCRPLND should be initiated as soon as possi ble with a complete resection of all retroperitoneal and intraperitoneal masses. Complete resection of residual masses is of very important prognostic significance. In a recent retrospective analysis, Sonneveld and colleagues demonstrated that about 50% of all patients with locoregional recurrences after PCRPLND had an incomplete resection at time of first surgery [Sonneveld et al. 1998 ]. Hendry and colleagues retrospectively analysed the outcome of 443 patients undergoing either immediate or elective PCRPLND once progres sion of the residual masses was demonstrated [Hendry et al. 2002] . A significant benefit with regard to progressionfree survival (83% versus 62%, p = 0.001) and cancerspecific survival (89% versus 56%, p = 0.001) was identified for the imme diate surgical approach. Incomplete resection and large size of the residual mass were identified as prognostic risk factors predicting poor outcome. Both parameters were observed more frequently in the group of patients who underwent elective PCRPLND. 
PC-RPLND: extent of surgery
The anatomical extent of PCRPLND has been discussed controversially for many years. It has been common practice to perform a full bilateral template dissection deriving from experiences of the 1980s when most patients presented with highvolume residual disease when undergoing retroperitoneal surgery. The boundaries of a full bilateral template include the crura of the dia phragm, the bifurcation of the common iliac arter ies and the ureters thereby including the primary and secondary landing zones of the right (para caval, interaortocaval) and the left (paraaortic, preaortic) testicles. Wood and colleagues demon strated an 8% incidence of contralateral spread among 113 patients with bulky disease undergo ing full bilateral PCRPLND after cisplatin or carboplatinbased chemotherapy [Wood et al. 1992] . Similarly, Qvist and colleagues and Rabbani and coworkers reported a 5.7% and a 2.6% incidence of teratomatous residues outside the boundaries of a modified template dissection [Qvist et al. 1991; Rabbani et al. 1998 ]. Nowadays, however, systemic chemotherapy is delivered for relatively low volume retroperitoneal disease (clinical stage IIB) with most metastases being restricted to the primary landing zone of the tumourbearing testicle. Although the potential of contralateral spread does exist especially from right to left, it is usually not common in lowvol ume residues questioning the appropriateness of full bilateral dissection for any residual disease. In a retrospective analysis, Aprikian and colleagues analysed the outcome of 40 patients undergoing limited or bilateral radical PCRPLND [Aprikian et al. 1994] . A limited approach was chosen if intraoperative frozen section analysis (FSA) of the resected mass demonstrated necrosis or fibrosis, whereas a radical RPLND was used in the pres ence of mature teratoma or viable cancer. A total of 20% of the patients experienced recurrences (14% and 26% in the limited and radical RPLND, respectively) with none of the recurrences located in the retroperitoneum. The authors suggested the use of intraoperative FSA to trigger the most appropriate surgical approach in the clinical scenario of PCRPLND. Herr analysed the thera peutic outcome of limited versus full bilateral PCRPLND based on the results of FSA of the resected mass [Herr, 1997] . If FSA demonstrated necrosis, a limited RPLND was performed, in all other cases patients underwent bilateral RPLND. After a median follow up of 6 years, 14 relapses were observed with only two developing in the ret roperitoneum; furthermore, six major surgical complications were observed with five after bilateral RPLND. Modified PCRPLND was considered to be a safe surgical procedure in a wellselected group of patients with advanced testicular cancer. These early retrospective and singlecentre studies indicate that a modified PCRPLND might be a safe approach in men with limited retroperitoneal disease and right/left primary tumours with no evidence of teratoma or viable cancer on frozen section analysis of the residual mass. However, application of the modi fied unilateral template to PCRPLND still is dis cussed controversially among tertiary referral centres based on the 3-8% incidence of mature teratoma or viable cancer in the contralateral landing zone [Ehrlich et al. 2006; Eggener et al. 2007] . Quite recently, two experienced groups, the Indiana group and the GTCSG, reported their experience of patients undergoing modified unilateral template PCRPLND [Beck et al. 2007; Heidenreich et al. 2009 ]. The group at Indiana University has performed a limited PCRPLND in 100 men with lowvolume retroperitoneal dis ease (<5 cm) confined to the primary landing zone of the primary tumour [Beck et al. 2007] . After a mean followup of 32 months only four patients relapsed, all outside the boundaries of the modified and even of the bilateral template. The 2year and 5year diseasefree survival was 95%.
It was the purpose of the GTCSG to assess the oncological necessity of full bilateral PCRPLND in 152 patients with normalized or plateauing serum tumour markers [Heidenreich et al. 2009 ]. Depending on the size of the residual mass or the location of the primary testicular tumour a full bilateral template resection (n = 54) or a modi fied template resection (n = 98) was performed. If patients exhibited a welldefined lesion ≤2 cm modified PCRPLND was performed, lesions >5 cm were always treated by a full bilateral PCRPLND. Lesions 2-5 cm in diameter were approached dependent on the site of the primary and the location of the mass: interaortacaval residuals were always approached with a full bilateral PCRPLND, whereas as paraaortic and paracaval lesions were treated by a modified PCRPLND if the metastatic site corresponded to site of the primary; otherwise, a full bilateral PCRPLND was initiated. There were no signifi cant intraoperative complications; there was, however, a significant difference with regard to postoperative morbidity between bilateral and modified PCRPLND with more complications in patients undergoing extended surgery (p < 0.001). Antegrade ejaculation was preserved in 85% of patients undergoing modified PCRPLND (see Figure 4) whereas it could not be preserved in 75% of the cases undergoing full bilateral PCRPLND (p = 0.02), respectively, 8 (5.2%) recurrences were observed after a mean follow up of 39 (6-105) months: one infield relapse following modified PCRPLND and seven recurrences outside the boundaries of full bilateral PCRPLND. Twoyear diseasefree sur vival was 78.6% and 92.8% for bilateral and modified PCRPLND, respectively. Limitations are a still short follow up, limited number of patients and retrospective nature. There was no significant correlation with extent of surgery and frequency and location of relapses.
Based on the data presented, full bilateral PCRPLND is not always required and it should be considered as the surgical approach of choice in patients with extensive residual masses, inter aortacaval location or a location of the residual mass not corresponding to the site of the primary testis tumour. In welldefined small masses <5 cm, a modified template RTR does not interfere with oncological outcome but decreases treatment associated morbidity.
PC-RPLND after salvage chemotherapy or previous retroperitoneal surgery
Patients who have undergone salvage chemother apy, prior primary or PCRPLND, those judged to be unresectable and those with disease pro gression prior to retroperitoneal surgery are at high risk for both a poor therapeutic outcome and an increased frequency of surgeryassociated complications. The presence of any one of these poor prognostic parameters increases the risk of relapse from 12% to 45% [Krege et al. 2008; Albers et al. 2005] .
The presence of residual tumour masses after sal vage chemotherapy is associated with a higher fre quency of viable cancer, a higher likelihood of incomplete surgical resection and a higher risk of postoperative relapse as compared with those patients undergoing PCRPLND after firstline chemotherapy [Her et al. 1997 ]. Recently, Eggener and colleagues demonstrated that mod ern chemotherapeutic salvage regimens contain ing taxanes significantly reduced the presence of viable cancer from 42% to 14% (p = 0.01) when compared with earlier cisplatinbased cytotoxic regimes [Eggener et al. 2007] ; the rates of tera toma in the residual tumours was similar with 31% and 33%. They found a 10year diseasespe cific survival of 70% so that PCRPLND even after multiple chemotherapy regimens is indi cated if the masses appear to be completely resectable.
Although rare, a subset of patients needs repeat RPLND due to metastatic tumour recurrence after primary RPLND or PCRPLND because of incomplete tumour resection during initial sur gery [Waples and Messing, 1993; Cespedes and Peretsman, 1999; Sexton et al. 2003; McKiernan et al. 2003; Heidenreich et al. 2005] . Repeat RPLND itself represents a poor risk factor associ ated with a significantly lower 5year survival rate of only 55% as compared with 86% in the group of patients undergoing adequate PCRPLND. The longterm outcome after repeat RPLND relies on the complete resection of all residual ret roperitoneal masses which will harbour viable cancer and mature teratoma in 20-25% and 35-40%, respectively. Whereas the cure rate for those with mature teratoma only approaches 100%, it decreases significantly to 44% and 20% in the presence of viable cancer and teratoma with malignant transformation, respectively. Repeat RPLND is a challenging surgical procedure asso ciated with higher rates of adjunctive surgical pro cedures with ipsilateral nephrectomy and vascular procedures being the most frequent adjunctive surgeries.
Repeat RPLND often represents the last chance of cure for patients with infield recurrences and it usually can be performed with an acceptable morbidity. Repeat RPLND will result in a long term survival of 67-75%; if patients present with infield recurrences and elevated markers, sys temic chemotherapy followed by PCRPLND should be initiated. In patients with negative markers, immediate RPLND should be per formed since most masses will harbour mature teratoma only.
Desperation PC-RPLND
The term 'desperation RPLND' applies to patients with persistently elevated or increasing serum tumour markers after primary inductive chemotherapy or after salvage chemotherapy due to either intrinsic or extrinsic chemoresistance. PCRPLND in this cohort of patients is associ ated with a higher frequency of adjunctive surger ies and a poorer outcome. Usually, surgery alone is felt to result in a low likelihood of cure due to widespread systemic disease. However, according to the data of various groups, the 5year overall survival is 54-67% so that surgery might be indi cated in a wellselected subset cohort of patients [Albers et al. 2000; Beck et al. 2005] . In a recent series, increasing preoperative ßhCG, elevated AFP, redo RPLND and incomplete resection had been identified as negative risk factors associated with a poor survival. Despite elevated serum tumour markers about 45-50% of all patients harbour mature teratoma or necrosis/fibrosis in the surgical specimen resulting in a high cure rate. Patients with elevated but declining serum tumour markers and patients who had received firstline chemotherapy only had the highest likelihood to demonstrate teratoma or necrosis in the resected specimen. On the other hand, patients with incomplete resection demonstrate a poor progno sis and most likely do not benefit from extensive surgery. It is of utmost importance to identify those patients with potentially complete resection of residual masses who might benefit most from immediate surgery.
Adjunctive surgery in patients undergoing PC-RPLND
Additional surgical procedures of adjacent vascu lar or visceral structures might be necessary in up to 25% of the patients undergoing PCRPLND (Table 3 ) in order to achieve complete resection of the residual masses [Nash et al. 1998; Stephenson et al. 2006; Heidenreich et al. 2004] .
En bloc nephrectomy represents the most com mon type of adjunctive surgery for complete tumour clearance. Additional vascular procedures such as aortic replacement and resection of the IVC due to tumour infiltration will be necessary in about 1.5% and 10%, respectively [Beck and Lalka, 1998; Beck et al. 2001; Christmas et al. 1998; Heidenreich et al. 1998 Heidenreich et al. , 2011 .
Complications after PC-RPLND
Whereas the frequency of complications is low in patients undergoing primary nsRPLND for clini cal stage I NSGCT [Heidenreich et al. 2003 ], it increases significantly in PCRPLND for large volume residual disease. Although the frequency of associated complications has been decreased in recent series as compared with series of the 1990s, it still approaches 10% [Krege et al. 2008; Albers et al. 2005] . The most common complications include minor complications such as wound infections, paralytic ileus, transient hyperamyla semia, pneumonitis/atelectasis, whereas signifi cant complications such as acute renal failure, chylous ascites, or obstructive ileus develop in less than 2% of the patients [Mosharafa et al. 2004; Leibovitch et al. 2002] . Table 3 . Indications for PC-RPLND.
Indication
Advanced seminoma Positive FDG PET scan with biopsy proven vital residual cancer which can be completely resected Late relapse NSGCT Any residual mass >1 cm diameter and normalized serum tumour markers Any residual mass >1 cm in diameter and plateauing serum tumour markers Residual masses <1 cm in diameter and mature teratoma in the primary orchiectomy specimen Marker negative in-field recurrence after prior RPLND Residual marker negative or plateauing markers after salvage chemotherapy Desperation RPLND in patients with chemoresistant and completely respectable masses PC-RPLND, postchemotherapy retroperitoneal lymph node dissection; FDG PET, fluorodeoxyglucose positron emission tomography; NSGCT, nonseminomatous germ cell tumour.
Prediction models
As outlined above, the rationale for PCRPLND is to remove persistent retroperitoneal disease which may contain mature teratoma or vital can cer. Depending on the size of the lesion, the level of the serum tumour markers prior to chemother apy and prior to surgery as well as the percentage shrinkage of the mass, about 50-60% of the patients might harbour necrosis/fibrosis making PCRPLND a mere staging procedure without any therapeutic benefit for the patient.
Based on these data given any prediction model being able to identify those patients who harbour nonmalignant residual retroperitoneal lymph nodes with a high diagnostic accuracy will help to improve the current indications for surgery and it will help to prevent unnecessary treatmentasso ciated acute and longterm toxicity. In the past, several groups have attempted to develop gener ally applicable prediction models based on numerous data before and after chemotherapy and preoperative parameters [Vergouwe et al. 2001 [Vergouwe et al. , 2003 [Vergouwe et al. , 2007 Heidenreich, 2007] . However, basically all of the models were clinically irrele vant due to a falsenegative rate of about 20-30% and a diagnostic accuracy of only 70-80% mak ing an individual decisionmaking process with regard to the necessity of RTR impossible. Recently, the GTCSG has evaluated prognostic risk factors to predict necrosis and fibrosis in patients with residual tumour lesions following inductive chemotherapy for advanced testis can cer [Albers et al. 2004b ]. Although alphafetopro tein before chemotherapy less than 20 ng/ml, and tumour volume before and after chemotherapy were independently predictive of necrosis, the prediction model resulted in a diagnostic accu racy of only 75% and a falsepositive rate of 20%.
Vergouwe and colleagues established another prognostic model to predict necrosis/fibrosis in a large multiinstitutional cohort of patients under going PCRPLND [Vergouwe et al. 2001 [Vergouwe et al. , 2003 [Vergouwe et al. , 2007 serum levels (OR 1.9 [1.2-2.9]) were less impres sive. The updated model had a somewhat higher predicted probability of benign tissue of 81% versus 79% using the old model. However, there is still a falsepositive rate of about 20% with regard to the correct prediction of necrosis and fibrosis as has been shown for the previous models. The improved but still relatively high falsepositive rate of 20% might be due to heterogeneity of the patient cohorts analysed and could be improved very easily. The development data used for the cal culation of the updated model resulted from a treatment period between 1977 and 1993, the validation data resulted from a treatment period between 1980 and 1999. Owing to the long time frame, many individual institutional strategies and changes with regard to a riskadapted chemother apeutic approach, the chemotherapeutic regimen, number of cycles, close adherence to a 3week regimen, sensitivity of CT scans, etc. might have contributed to a heterogeneous set of data result ing in a less than optimal prediction model. Therefore, recalculation of the model by recruit ing only patients being treated during the last 5 years after the introduction of interdisciplinary evidencebased guidelines will help to improve the prediction model. This work is currently under way by the retrospective analysis of a multiinstitu tional data bank of the GTCSG.
Furthermore, the integration of molecular mark ers involved in response or refractoriness to cispl atinbased chemotherapy might improve the current prediction models. The presence of mature teratoma and viable cancer in the residual tumour lesions reflects the differences of intrinsic or extrinsic cisplatin resistance of the different histo logical subtypes of NSGCT. Recently, some groups have demonstrated that the integration of molecular markers such as bcl2, mdr1 and the protein product of mismatch repair genes might increase the diagnostic accuracy of new prediction models [Vergouwe et al. 2001 ]. In particular, mdr1 expression in the primary testicular tumour increased the sensitivity and the positive predictive value to accurately identify patients with necrosis/ fibrosis from 75% to 85% and from 78% to 86%, respectively. Although elaborative immunohisto chemical studies are necessary for this approach, it might be helpful for the individual patient so that the efforts to be taken are well invested to develop prediction models for the individual patient.
Currently, the absence of mature teratoma in the primary testicular lesion, normal preoperative AFP serum levels and the size of the lesion prior to and after chemotherapy are the most useful cri teria to identify patients with a potentially benign histology.
Consolidation chemotherapy after secondary surgery
After resection of necrosis or teratoma no further treatment is required. When viable undifferenti ated tumour is found, the role of further consoli dation chemotherapy is uncertain. A retrospective analysis demonstrated an improved progression free survival with adjuvant chemotherapy, but failed to show an improvement in overall survival. Therefore a 'waitandwatch' strategy may also be justified [Fizazi et al. 2001 [Fizazi et al. , 2008 . Patients in the 'good' prognosis group, according to the IGCCCG classification, with complete resection of residual masses and with <10% vital tumour cells in the resected specimens have a favourable outcome even without adjuvant chemotherapy. If completely resected tumour presents >10% of viable cancer, or if completeness of the resection is in doubt, consolidation chemotherapy might be justified.
Summary
The role of primary, nsRPLND in clinical stage I NSGCTs is limited according to the recent guide lines of the EAU and the EGCCCG. However, if performed properly, about 90% of the patients will remain disease free without the need for sys temic chemotherapy.
PCRPLND represents a major part of the inter disciplinary management of advanced TGCT after systemic chemotherapy. In patients with advanced seminomas, PCRPLND is only indi cated if FDG PET scan performed 6-8 weeks after completion of chemotherapy demonstrates positive findings (Table 3 ). In advanced NSGCT, PCRPLND should be performed in all patients with residual masses independent of size due to the high frequency of mature teratoma and viable cancer. In patients with leftsided prima ries and/or lowvolume disease PCRPLND can be performed within a modified template resection without compromising therapeutic effi cacy. Complete resection of all residual masses will result in a longterm diseasefree survival of 95%; in patients who undergo desperation sur gery longterm cure can be achieved in about 55%. PCRPLND requires a complex surgical approach and should be performed in experi enced, tertiary referral centres only.
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